Background
Although prevalent worldwide, oral carcinoma is especially common in India, Pakistan, Taiwan, and France. 1 The American Cancer Society estimated that the number of newly discovered cases of head and neck carcinoma in the USA in 2017 would be 49,670, with an estimated 9,700 deaths. 2 When considering the number of incident cases in both sexes by region, oral cancers are ranked in the top five in countries with a middle-low sociodemographic index (SDI), whereas it is in second place in South Asia. 3 A global burden of disease (GBD) study reveal that the incidence of head and neck cancer amounts to 694 cases per 100,000 persons/year. 3 To put this into perspective, currently more cases of oral carcinoma are diagnosed in a year than with cervical or ovarian cancer, and more deaths occur from oral cancer than from melanoma or cervical cancer. 3 The rate of survival of patients with oral cancer still remains poor (57%) despite significant advances in diagnosis and treatment. [3] [4] [5] One reason for the poor prognosis submit your manuscript | www.dovepress.com
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Barac et al of patients with cancer of the oral cavity is that the mitotic index of these cells is low. 6 Because of this low mitotic index, cells have a reduced ability to undergo apoptosis -the regular cell death process that should ensure an elimination of cells with genetic alterations. 2 Inappropriate apoptosis is a factor in many human conditions including many types of cancer. The ability to modulate the life or death of a cell is recognized for its immense therapeutic potential. 4, 5 We believe that revealing the molecular pathways and mechanisms of apoptosis and necrosis of oral cancer cells following combination treatment may not only improve our understanding of the molecular effects of the drug combination but also set the basis for future studies aimed at finding conditions where this drug combination is maximally synergistic.
The aim of this study was to identify molecular mechanisms and impact on death of oral cancer cells that was caused by treatment with the nonselective Cox-2 inhibitor drug nimesulide in combination with a low dose of the chemotherapeutic drug cisplatin by using technologies for genome and proteome analyses.
Material and methods cell culture and immunohistochemistry
Head and neck squamous cell carcinoma cell lines (SCC) SCC9 and SCC25 (American Type Culture Collection (ATCC) strains CRL-1628™ and CRL-1629™; American Type Culture Collection, Manassas, VA, USA) were incubated with 100 µmol/L of the nonselective Cox-2 inhibitor nimesulide and/or 0.5 µmol/L of the chemotherapeutic drug cisplatin and then counted after 48 h. Visualization of apoptotic cells was done by immunohistochemistry. Both techniques were performed in exactly the same way as previously published. 7 All experiments were carried out in accordance with relevant guidelines and regulations. This study was approved by the Ethics Committee of the University of Medicine, Vienna, Austria. All patient provided written informed consent.
Facs analysis
A flow cytometric apoptosis detection kit (Becton Dickinson, McKinley, MN, USA) was used according to the manufacturers' instructions. Cell lines SCC9 and SCC25 were double-stained with 10 µL fluorescein isothiocyanate-labeled Annexin-V (R&D Systems, Minneapolis, MN, USA), to detect phosphatidylserine expression on cells during the early apoptotic phases, and with 10 µL 7-amino-actinomycin (7-AAD), to define necrotic cells. Cells positive only for Annexin-V were defined as apoptotic; cells positive for both, Annexin-V and 7-AAD, were identified as necrotic or late apoptotic cells. crna microarray, hybridization, and image analysis Double-strained cDNA from RNA was used as a template for isolation and preparation of cRNA. Isolation and hybridization of cRNA and scanning of the arrays were performed according to protocols specified by the manufacturer. Hybridization was done using three sets of human U133A GeneChips (Affymetrix, CA, USA). The arrays were scanned using the GeneArray scanner (Affymetrix). Image analysis was performed with GeneChip software (MAS 5.0; Affymetrix).
Determination of adenine nucleotides
The analytical method has been reported previously. 8 The program EZchrom Elite (VWR) was used for data requisition and analysis.
iTraQ labeling RNA and DNA protein clean up were performed by WesselFluegge precipitation. 9 Protein concentration was measured by the Bradford method (2 µL of a 1:10 diluted extract). Purified proteins were further digested and labeled using the isobaric tag for the relative and absolute quantitation (iTRAQ) procedure as described in the "iTRAQ ® Reagents Chemical Reference Guide". 
MalDi plate spotting
The nano HPLC system was coupled to a Probot microfraction collector (LC Packings). Concurrent matrix flow (2 mg/mL α-CHCA in 70% ACN 0.1% TFA spiked with 10 fmol/µL Glu-Fib peptide) was 800 nL/min, spot time was 10 s; 1,790 fractions were spotted on an Applied Biosystems Opti-TOF LC/MALDI steel plate (Part No: 1018469).
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Mass spectrometry
Mass spectrometry was performed on Applied Biosystems 4800 MALDI TOF mass analyzer. For increased mass accuracy, internal calibration was performed based on the mass of the peptide Glu-Fib m/z =1,570.677 which was present in the matrix. On the first plate, a maximum of three precursors with s/n 70 in MS were selected per spot (largest precursors first) and subjected to 5000 shots tandem mass spectrometry (MS/MS), excluding precursors within 300 resolution. The same sample was spotted a second time on another MALDI plate. On this plate, a maximum of three precursors with s/n 50 were selected for 4,000 shots of MS/MS, excluding precursors within 200 resolutions. In total, 1,986 MS/MS spectra were obtained from the first LC run, and 2,972 MS/ MS spectra from the second LC run. Processing of MS/MS spectra involved smoothing with a Savitzky-Golay filter 7 points across the peak (FWHM) polynomial degree 4. The threshold for fragment on peak detection was s/n3 with a cluster threshold s/n7.
Ms/Ms spectra analysis and quantization
Data from both LC runs was analyzed with Protein Pilot 2.0.1 using the Paragon search algorithm. The protein sequence database contained all "human" sequences extracted from the AppliedBiosystems UniCombinedPANTHER_20061012. fasta (Uniprot) database, supplemented with several databases of potential contaminants: ABSciex_ContaminantDB_ 20061201.fasta, common laboratory & dust/contact proteins from the GPM cRAP (common Repository of Adventitious Proteins, http://www.thegpm.org/crap/index.html), a list of keratins extracted from UniSwissPANTHER_20061012. fasta, and a manually created list of potential contaminant proteins frequently used in our laboratory. In total, 540 protein groups could be quantified. For 321 of these protein groups, P-values were available for all three comparisons (C + N versus 0, N versus 0, and C versus 0) and this list (representative member of each protein group, ratios, P-values, and annotation) was exported for further statistical analysis.
statistical methods
The Affymetrix chips for SCC9 and SCC25 cells were normalized using robust multi-array analysis (RMA). For the acquisition of reliable data, we used triplicate arrays although duplicate arrays are usually recommended. 10 Local false discovery rates (lfdr) were calculated for the three comparisons that give the probability of having no effect, given the observed test statistics for each probe set. 11 All probe sets with an lfdr 0.2 were considered to be "interesting". A heat map with a dendogram of the arrays was plotted. All pre-processing steps were performed using R.2.6 and the bioconductor environment (www.bioconductor.org).
Results
nimesulide-cisplatin treatment induces apoptosis in tumor cells
FACS analysis showed that both agents, alone or in combination, induce apoptosis in both cell lines via activation of caspases compared to the control ( Figure 1 ). In the SCC9 cell line, a significant increase of apoptotic and necrotic cells is only observed after combined treatment, compared to control ( Figure 1A and C). However, in SCC25 cells, no significant differences were observed. Compared to control ( Figure 2A ) and cisplatin-treated cells ( Figure 2B ), increasing numbers of apoptotic cells, along with reduction in cell number, were observed after nimesulide ( Figure 2C ) or nimesulide-cisplatin treatment ( Figure 2D ).
adenine nucleotide
Nimesulide, cisplatin, and nimesulide-cisplatin induced a decrease in ATP concentrations in both cell lines (Figure 1 ). The loss of ATP in both cell lines after 48-h treatment was significant for the combined treatment group compared to controls. In the SCC9 cell lines, nimesulide alone also induced a significant decrease of ATP after 48 h. Additionally, the energy charge (ATP +0.5 ADP/AMP + ADP + ATP) of SCC9 cells was significantly decreased after combined treatment ( Figure 1G ). No significant difference in energy charge was observed for the SCC25 cell line ( Figure 1H ).
Gene expression profiling
For the comparison of nimesulide versus control and nimesulide-cisplatin versus control, no gene with lfdr 0.2 was identified. For the comparison of cisplatin versus control, one of approximately 22,000 genes -keratin 6a -had a local false discovery of 0.14 in the SCC9 cell line. No gene regulations were detected in the SCC25 cell line. The accession number of our series is "GSE15308". For information on GEO linking and citing, please refer to http://www.ncbi. nlm.nih.gov/geo/info/linking.html.
Proteome analysis
Because no regulated genes could be identified in the SCC25 cells, proteomic data analyses were only conducted in the SCC9 cell line. A total of 540 proteins were detected and protein ratios and P-values were calculated on the basis of the 
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Mapping of apoptosis in tumor cells or traffic (15.3%), structure (10.9%), immunity (9.7%), cell cycle (9%), signal transduction (9%), no annotation (7.2%), and apoptosis (2.8%). Only proteins that were twofold up-or downregulated were considered as differentially expressed. For 321 of these proteins, P-values were available for all three comparisons -nimesulide-cisplatin versus control, nimesulide versus control, and cisplatin versus controland only these proteins were subjected to further statistical analysis to account for multiple hypothesis testing. After statistical analyses, only two hypotheses showed an lfdr 0.2. After SCC9 cells were exposed to nimesulide and cisplatin, the smallest lfdr of 0.003 was found for N=96 (histone H2A type 1-J) and N =30 [lfdr =0.0027, histone H2B type 1-N (H2B.d) (H2B/d)] (Figure 3) . Furthermore, nimesulide and cisplatin induced a significant overexpression of histone H2A type 1-J, histone H2B type 1-N, and histone H4, with a ratio of 3.03, 2.45, and 2.74, respectively. Interestingly, no regulation of these histones could be found after monotherapy with nimesulide and cisplatin treatment (Table 1) . Moreover, expression of histones after nimesulide-cisplatin exposure was synergistic, more than in single-drug treatment.
We observed a significant upregulation of alpha-actinin-3 after exposure to nimesulide, and drebrin and tubulin alphaubiquitous chain protein after exposure to cisplatin (Table 1) . Downregulation after nimesulide and cisplatin treatment was also found for the heterogeneous nuclear ribonucleoproteins C1/C2, ACTA2, proteasome subunit beta type 1 and the uncharacterized protein C9orf105, heterogeneous nuclear ribonucleoprotein L protein, respectively (Table 1) . Additionally, upregulation of prohibitin, an anti-apoptotic protein was observed. In particular, upregulation was slightly higher after nimesulide-cisplatin treatment compared to single-drug treatment (Figure 4 ).
Discussion
Head and neck squamous cell carcinoma is an important cause of morbidity and mortality in addition to being one of the 10 most common cancers worldwide exhibiting marked geographic differences in occurrences. 4 Estimates based on the crude incidence rates under the National Cancer Registry Project revealed oral cancer to constitute 12% of all cancers in metropolitan cities, with a frequency of 15%-20% of all cancers reported from various cancer hospitals. 4, 5, 12 An increasing proportion of the burden of cancer falls on low-income and middle-income countries because of not only demographic change but also a transition in risk factors. Prognosis of this disease is still not encouraging, with an overall 5-year survival rate of 57%. 2 The ideal treatment has not been found yet, as chemotherapy is unselectively aggressive and leads to cytotoxity. 3, 5, 7 Even in operable stages, the results of standard therapy modalities (surgery or radiotherapy) have been poor, and could cause several short-and long-term side effects. More recent efforts have targeted specific biochemical mechanisms, such as apoptotic pathways.
In this study, we investigated changes in the transcriptome and the proteome of two SCC cell lines of the tongue to identify RNA and proteins involved in cell death that were induced by nimesulide and cisplatin. For the first time, we showed that a combination of nimesulide and low-dose cisplatin acted synergistically in modulating apoptosis of SCC9 and SCC25 cell lines, which could manifest a potent effect when applied together in the treatment of oral squamous carcinoma. As a step toward identifying the appropriate treatment for oral squamous carcinoma, we investigated changes in the transcriptome and the proteome of SCC9 and SCC25 cell lines to identify RNA and proteins that are involved in cell death induced by nimesulide and cisplatin. Furthermore, this is the first study that used complex molecular analyses to map the process of apoptosis and necrosis of oral SCC after combined treatment with nimesulide and cisplatin.
One of the most surprising findings of this study was the strong discrepancy between gene and protein expression. We demonstrated that, in oral cancer cells, DNA damage with subsequent induction of apoptosis and necrosis takes place after combined treatment. However, after gene array analysis, we found that only a single gene that was not linked to cell death was regulated in SCC9 cell lines after exposure to cisplatin. Although the entire experiment was repeated thrice and the analytical methods complied with established quality criteria, no RNA satisfied our criteria of lfdr 0.2 for statistically unequivocal regulation. Therefore, we conclude that alterations in the transcriptome seem too subtle to be detected in the experimental setting. In fact, it is well known that the correlation between RNA and protein levels is often fairly limited and that apoptosis is a process triggered by enzymatic cascades rather than alterations in the transcriptome. [12] [13] [14] [15] Another point may be that the sparse number of regulated genes is caused by wrong sequence information in the databases or wrong sequences generated during manufacturing of the microarrays. 16 On the other hand, we detected and quantified 540 proteins, related to metabolism, transport, cell cycle, and cellular signaling by proteome analysis.
After statistical analysis, three histones were identifiednamely, H2A, H2B, and H4 -showing significant upregulation 
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Mapping of apoptosis in tumor cells Figure 3 Proteomics data supports histone regulation by combination therapy. Ms/Ms spectra are shown for two iTraQ-labeled peptides each from histones h2a and H2B, respectively. All peptides were identified with high (99%) confidence with ProteinPilot software. Tables illustrate b-and y-ions matched with experimental data. iTRAQ reporter ions are highlighted in the raw spectra panes. reporter peaks at m/z =114.1, reflecting combination therapy are considerably more prominent than reporter peaks reflecting single-drug therapy (m/z =115.1 nimesulide, m/z =116.1 cisplatin) or control samples (m/z =117.1). regulatory ratios were calculated with ProteinPilot software from raw reporter areas, properly accounting for isotope correction and normalization. As nuclei were removed by a centrifugation step during the experimental workflow, ratios observed in the shotgun proteomics experiment should reflect the relative abundance of proteins in the cytosol. We interpret the increased relative ratio of H2A and h2B in the combination therapy sample as further support for increased apoptosis in combination-treated cells, possibly leading to increased release of these histones from nuclei into the cytosolic environment. Abbreviations: iTraQ, isobaric tag for the relative and absolute quantization; Ms, mass spectrometry; h2a, histone h2a; h2B, histone h2B.
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Barac et al Figure 4 Proteome analysis shows a slight regulation of prohibitin, particularly after combined treatment with nimesulide and cisplatin. Ms/Ms spectra are shown for two iTRAQ-labeled peptides from prohibitin with high (99%) confidence, using ProteinPilot software. Reporter peaks at m/z =114.1 reflecting combination therapy are considerably more prominent than reporter peaks reflecting single-drug therapy (m/z =115.1 nimesulide, m/z =116.1 cisplatin) or control samples (m/z =117.1). Abbreviations: iTraQ, isobaric tag for the relative and absolute quantization; Ms, mass spectrometry. Notes: For inclusion in the table, at least one of the three treatment ratios was required to exceed the threshold of 2-fold up-or down-regulation (respective ratios are highlighted  and  respectively). *statistical analysis of the data was performed as described in the methods section to account for multiple hypothesis testing: proteins with a local false discovery rate lfdr 0.2 are highlighted bold. These proteins are most likely to be truly regulated. among all potentially regulated proteins, the lfdr was found under the cutoff 0.2 for two histones in the combination-treatment sample. We consider the fact that the entire group of histones h2 and h4 (but not histone h12) were found to be increased as further evidence for an effect of combination treatment on the cytosolic concentration of these histones. **For comparison, histone h12 that was detected but found unregulated, was also included in the 
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Mapping of apoptosis in tumor cells after combined treatment. In general, five major classes of histones -H1, H2A, H2B, H3, and H4 -are essential for the folding of DNA into chromatin. The amino terminal tail of histones is modified particularly by covalent acetylation and methylation. 17, 18 Hyperacetylation of histone tails is usually a sign of high transcriptional activity, leading to expression of genes that induce growth arrest, cell differentiation, and apoptotic cell death in tumor cells in vitro. 19 In contrast, hypoacetylation indicates transcriptional silencing. 19 Surprisingly, in our samples, we could not find any acetylation or methylation. We speculate that another mechanism exists whereby histones may modify transcriptional activity of tumor cells and that increase of histone is not a direct causative event that is involved in apoptosis. A loss-of-function or gain-of-function test could be helpful to determine the relationship.
In our samples, we could determine significant increased levels of histones in the cell cytoplasm. Recent studies could show that cytoplasmic translocation of histones is an early event in apoptosis. 20, 21 As nuclei were removed by centrifugation during sample processing, we interpret the observed increase in histone levels as an indication of histone release from nuclei due to apoptosis in the combination-treated sample, indicating a synergistic effect of nimesulide plus cisplatin treatment. Notably, histone H1.2 was also detected in our study, but was found to be unregulated. This histone is known to induce apoptosis when released from nuclei. 22 We should take into consideration the fact that the histone release from nuclei is probably a secondary, rather than a causative, event involved in apoptosis in our experimental setting. A cohort study with analyses of The Cancer Genome Atlas (TCGA) head and neck SCC dataset suggested that zeste homolog 2 (EZH2) activity might influence downstream apoptosis-related genes as well as histone regulation and release. EZH2 contains a SET domain with histone methyltransferase activity, which catalyzes trimethylation of lysine 27 in histone. EZH2 induces chromatin compaction and consequently prevents transcription of target genes. 23 However, whether and how EZH2 targets induction of SCC cell apoptosis is still unknown.
Our results obtained by FACS analysis showed that both apoptosis and necrosis occur after exposure to nimesulide and cisplatin. Significantly, more apoptotic and necrotic cells were detected in the SCC9 cell line after combined treatment as compared to the control. This observation can be explained by significant decrease of ATP content and energy charge in these SCC cells. It seems that both mechanisms of cell death exist, depending on the availability of energy and the metabolic status of the tumor cells. 24 We suppose that ideal drugs for treatment of oral SCCs would be those that will target cells with low mitotic index and ATP pumps. In addition, it is known that cisplatin damages ATP and proteins involved in the apoptotic process such as p53, Bax, Bcl-2, and caspases, leading to necrotic cell death. 25 Thus, we suppose that, depending on the level of cellular damage, necrosis takes place either directly or as a consequence of an unfinished apoptotic program. This could be an explanation for failing to detect any of the known apoptotic proteins in our samples.
The ever-increasing number of tumor-associated antigens has provided a major stimulus for the development of therapeutic peptide vaccines. Tumor-associated peptides can induce high immune response rates and have been developed as vaccines for several types of solid tumors, and many are at various stages of clinical testing. Lim et al showed that melanoma antigen MAGED4B is overexpressed in SCC and that this expression promotes proliferation and cell migration. MAGED4B peptides induce antitumor immune responses, advocating that they could be further developed as vaccine candidates for the treatment of SCC.
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Conclusion
Combination therapy with nimesulide and cisplatin acts synergistically in oral SCC cell lines by increasing apoptosis, necrosis, and presence of histones in cytoplasm, more significantly than with single-drug treatment. It seems that both types of cell death exist, depending on the availability of energy and the metabolic status of the tumor cells. We suggest an explanation for this could be the significant decrease of ATP content and energy charge after combined treatment. In addition, we suppose that, depending on the level of cellular damage, necrosis takes place either directly or as a consequence of an unfinished apoptotic program. Future studies should prove whether chemotherapeutic agents are able to target oral carcinoma cells with their low mitotic index and their ATP pumps.
